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(57) Abstract 

Cellular receptor adsorbents (10) for removing viral contami- 
nants from whole blood and protein solutions a« .prepare* I by »n- 
mobDizing and stabilizing cells or portions ^<g^K? e 
lulax receptors (14) for the Urget contammants (18). Removal of the 
vlS Sminants from solution is effected by affin.ty bmdmg (24) 
ofviral proteins of the contaminant and the.r correspond^ .m- 
mobilized cellular receptors. 
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CHiUIAR BECEPTOR ADSOKBEHE! FOR HEMWSL OF VIBBL 

awmmms fkw buxd and complex iwnnfi solotxms 

RATKGROUND OF TOE INVENTION 

present invention relates generally to the ra«Dval of 
, viruses fro. solution and, .ore particularly, to the preparation of 
' i^UHed cellular receptor adsorb u^ for -«~ "~ 
contaminants rxcm blood, . sere*. and blood-derived *«*>*•■ 

Viruses in blood produots used for mtravenous 
^stxatien present v.ll-r^ei risKs of infeetio, , despite 
. health history evaluations and serol^ical screenang Infectuons 
° have been transited in this m^x incite hepatatas an^x* 

Similarly, the presence of viruses in anxmal sera s^lu,* for cerl 
culture often results in contamination of the culture. 

-««-*» have been made to prevent or elamnate 
5 vixal contlaunation in solution by inactivating the vrxuses. Heaver, 
Z probl«. stored in viral inactivation in blood and protein 
are distinct fro. tt. probl^ of vixal inactivation an 
otlK r agueous solutions. Viruses in -any agueous solutions can easaly 
r^la by pest^iaation. relation and/or cb^cal 
20 rteriliaation. In contrast. y**, blood, s«o blood protein fractions 
ZZ, protein solutions such as protein-based pha^aoeutacala are 
sensitive to such physical or ohmioal treau,ents. 

Pasteurization or thermal inactivataon, a wadely accepted 
method of eternising certain proteins such as albumin, ccnuanly 
„ rllta in a marked reduction or elimination of functional actavaty of 
^proteins such as clotting factors. Use of high concentrations 
cf l^haxides to stabilise proteins during pasteuraaatuoo 
ul^lely also increases the t™istance of b~ 
Vital inactivation by txeab^nt of senm, or P la»o wath 
1Q teta-propiolactone and OV irradiation and by lipid solvent txeattonta 
results in a significant loss of functional activity of proteins. 

U*s Tprocein functional activity is similarly encountered 
hlcod^ased solutions are txeated by hydrophobrc int^actaon 
^Ltography to r^aave the viruses fr» solutaon. 

" tCTuaands preserves protem activity, bat has the dxsadvantagc 
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15 



o£ ^ too specif. Ttm prese, „ of >»t. and different types of 
and de^ts thus often leads to faUure of bind^g the 
^ „. «-o f ^f» solution by 
~Z not practical because of the tradeoff het«en regurred pore srre 
restriction and the low filtrate flux. 

Thus, there is a need for an improved method for raoval of 
vinl continents espeoiaily fro. blo=d a^ co^le* protean 
solutions. The present invention provides such an proved method and 
^ adsorbent for carrying out the -art. f^er wrferstendrng or 
«. mention -ill be had froa the UloKg ^closure taKen m 
conjunction with the drawing and claims. 

SQMMftKY OF THE D3VENTICN 
The Present invention provides a novel approach for removal 
. . ^ viruses and virus-infected cells in 

wnich utilised ceUular receptor adsorbents prepared in accordance 
with the ^ of tt. present invents are used as affinity Uganda 
to W and ***** viral contacts fro. solution. In accordance 
with the present invention, utilized cellular receptor adsorbents 
for a target viral contaminant are prepared by a method comprism, the 

20 ^ ° f 1 „ sel^ting a cell bearing a ceUular receptor for said 

target viral contaminant; 

(B) immobilizing at least a portion of said cell, said 
^on bearing said cellular receptor thereon, onto a biologically- 

25 canpaidbie support surface; and 

(C. nodifying said cell portion to stabilise sard portion. 
Tbe present invention thus provides a means for 
sterilization of blood or other protein solutions by ttmoval of vrral 
continents -by ceUular receptor adsorbents prepared by the method o 
the invention. Sterilization by cellular receptor adsorbents of the 
present invention offers several advantages over conventional methods 
of sterilrzation. Since viral protein-cellular receptor interactions 
ere specific bikings with high affinity, product loss due to 
oon-specrfic adsorption is reduced to a minimum. Also, ceUular 
receptors possess a much broader adsorption spectrum than 



30 
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• , • ranoe of viruses renewed to 

iOTnunoads orbents, thus widening the range 

. , , , ra „i~ nts of the targeted contaminants. 

^ r^ ****** of a. p— ~ « 

ta a significant debase of prot^ l*c*« - ^ 
effectives of d. bemg .—-J blco<3 

rjtrr r£ r:su- * - — ■ - - 

Litionallv cellular receptor adsorbent* of the present 
invention. Additionally, r nt-hpr 

• w> used not only to remove whole viruses, but other 

invention can be used not on y viral ^ncoded 
viral contaminants such as infect ^ ^ 

pro teins on their surface, ^^f^ve and easy to 
the present invention are also relatively u**t~* 



prepare. 



R RTKF DESCRIPTOR OF THE DRAWINGS 
Figure 1 is a scheme diagram illustrating a preferred 
a ^t nethod of virus adsorption using an Im^ed 

cellular receptor adsorbent of the present invention. 

a ..^rSrS^^^i^ -Uular receptor 

adsorb for raving viral ~nants ^ ^ 
and stabilizing cells or cell parts 

viral contaminants, as used herein, inciuoes 
contaminants which contain or numic viral proteins 

motors exhibit binding affinity. , , - 

receptors exi cellular receptor adsorbent of 

Referring now to Figure 1, a ceixuxox r 

ic illustrated and indicated generally by the 
fhp nre sent invention is illustratea aiu. xi 

Cellular receptor adsorbent 10 generally comprises a cell 
30 numeral 10. CeUular recepro receptor 14 thereon 

~n nart 12 bearing at least one cellular recepu^ 
or cell part U. oe~x y face 16 ^ thereafter 

stabUi^ to prevent disruption of t^t^^ ^ _ 

14 or cell part 12 to be umobiUzed is selected 10 p=- 
taraet virus 18. 
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!„ use, cellular receptor extent 10 is brought into 

™™tor 14 of the adsorbent, as shown at 24, while ou p 

tL^virus 18 *!* is *=- to cellular receptor advent 0, can 
^Tle separate fx™ acserrent. as iUus^ted la Pigure 1C, ana 

M ^CT^ea in accord with the present 
i^ticn are selected for their «*ra« receptor s^icf* -toe 
^ cont^ta to be r^ ft. solution. ™ 

„, „^ified olas»a manbrana, «ay also be usea in 
9n " S ° !U **"" ~ V". " -us additionally, «>re than 
conjunction with or in lew of whale cells. rtiffarent 
\voe of cell or portion thereof with overlapping or different 
ore type of pa. to j^u^ extend the adsorption 

viral specificities nay be selactea to ruru 

..ttT* 1 seta forth ^les of "receptor naps of certain 



spectrum 
20 cells. 



TABUS 1.: EXAMPLES OF RECEPTOR MAPS OF VIRUSES 



Cell 
T4-lymphocyte 

Hepatocyte 



25 



Virus 

HELV-I, HTLV-H, HTLV-HI (HIV) 

Hepatitis B v. 

Non-A, non-B hepatitis v. 



Human foreskin fibroblasts Human cytcnagalovirus 

Rat T-lyniphocyte 



Influenza 

B(H2x2), A(H2N2), A(H3N2) 
Newcastle disease v. 
Sendai v. 
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HeLa 



5 



Erythrocyte 

10 



FLC 

GMK AH-1 
Vero 

sue 

HeLa S3 
HEP-2 
HEL 

Murine teratoma 

F9, F12, PCC4 
Mouse embryo 
fibroblast 
25 Daudi cells 



15 



20 



5 - 

^man Rhinovirus 

types 2,1A,1B 
Hunan Rhinovirus 

types 14,3,5,15,39,41,51 

Poliovixuses 

Coxsacicieviruses 

adenoviruses 

New Castle Dis. v. 
Influenza A 
Sendai v. 
Rubella v. 
Reovirus 

MVM 

HSV-1 
HSV-2 



Coxsakie B3 
Mouse hepatitis 
Sindbis 

Semliki Forest 

Lyrrphocytic chorioroerongitis 

Pichinde 

Vesicular stomatitis 
HSV-1 

Cytccegalovirus 



30 



BHK-21 



FMDV 

types A^, 0 1B , ^ 3hBS 
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Ependymal ceil 
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Reovirus type 1 

Mumps v. 

Parainfluenza type 3 

HSV-1 



10 



sm 

FLC 

1^929 

Hela 



L 8 CL3-U 



Wer^ovirus 

my 



Coxsackie v. 

types A2,A5,B3 

HSV-1 



15 



20 



25 



30 



HeLa 
L cell 

BHK-21 

Neuroblastoma 
C1300 



Phjrvryn TUB 

24 serotypes 

ERA Rabi v. 
RV 194-2 
V5V 

Keovirus type 3 
West Nile v. 



With the advent of genetic engir^eri*,. selected cells can 
^ te quantitatively programed to over-express certain receptor 
Iteins oTtheir surface to na^e their adsorption capacrty ror a 
^ virus. Alternatively, a cell line with an expand^ 
spfcS " fnr several viruses nay be 

adsorption spectrum or moltrspecxfxcrty for several 

const^ bv incorporate genes erring the corresponding oellular 

"^'b. cells or cell parts to be ^bil^ in accordance with 
tta nethod of the invention can be either anchorage-dependent or 

- . r^t- It should be appreciated that the nature and 
anchorage-independent. It shouin De , 

adhesive properties o£ the cell surface can be affected by rts 
1Z itio^e- and age. ». edition, charge and shape 
tT^port aatorial also mflu^s the attach of cells to 
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Materials used for the cell support surface can be beads. 
„ or other conventional sff* 316 

^ny-^^Twith the biological system fnvoived^ By 

5 «hich does not substantially adversely affect, or 

^ired o^ts or *ich substantially ^ 

tne cexxvxixu. r suitable materials for 

processes, or the solution being processed. Sui 

_ surfaces include polymeric materials, for example 
support surtaces a ^rraaeenan. dextran, and 

surface. 

15 *™ Tvaa^oT'surface i^ili.atic ^ can be e^ed 
to attach the selected cells or cell parts to the support surf ace 
1. cells can be covalently attached by coupling than to a 

charge interactions. i^obilised by 

Alternatively, cells or cell — 
^ty binding v*i=h involves specific interactions ™ 
25 ^ZLs on the ceU surface and corresp^ proteins Aliased 
on ^ support surface. Typical affinity interactions include 
on the suppo hm ^_ ceDtor , and lectin-glycoprotein binding, 
antigen-antnbody, ho^one-receptor 

Cell attachment can also oe 

oells on a suitable support surface, «* as 

30 "t^onto^ingtheceilsor.U^onthe 

^_ ^ iTTirc±)ilxzea cells or 

^ rt ^ace, -^^T ^ll ceilT m contrast to 
„ . ^ f u prpn f must oe sT^ibxxi^ea. - V ^ L 

^L^cetls, lac. cell walls which provide a rigid ~al 
• + .h^r stress and osmolarity changes in the 
35 support against shear stress particularly 
environment. As a result, their plasma membranes ore par^ 
iv* to disruption and disintegration. 
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Disruption of the immobilized plasma menteane of the 
adsorbent can destabilize the surface for viral protein binding and 
also contaminate the solution being processed by the release of cell 
^rane exponents into the solution. If whole cells are being used, 
5 n^rfcrane disruption can also lead to cell leakage of intracellular 
^^ts into and further contamination of the solution. 
Stabilization of the plasma nembrane is thus necessary to prevent sucn 
contamination. Additionally, intercellular, as well as intracellular 
stabilization of nembrane proteins will further enhance stability of 
10 the menbrane surface and will provide a more contiguous binding 
surface for viral contaminants. 

Plasma membranes can be stabilized by treatment with a 
cross-linking agent to cross-link the membrane proteins. Suitable 
cross-linking agents include glutaraldehyde and other aldehydes, 

^ ^idiirni^a^le. oeriodate and the like. The 

15 Denzoquixiutijjc , y~4~L^*^~*j. 

toxicity of the cross-linking agent employed should be as low as 
possible, and should preferably have a miniinal effect on glycoproteins 
since most known cellular receptors for viruses are glycoproteins. 
Tbe stabilization of the plasma Cranes by the cross-linking agent 
20 should also not significantly hamper the functional activities of the 
cellular receptors. This can be achieved by selecting a suitable 
cross-linking agent at an appropriate concentration which is generally 
very low, for example, 0.1% by volume for glutaraldehyde. 

Alternatively, the risk of contamination may be minimized by 
25 preparing adsorbents from receptor-bearing cell parts or cells whose 
intracellular co^onents have been released beforehand in a controlled 
mamBr . For example, immobilized eukaryotic cells can be 
hypotomcally lysed to release their cell contents without unduly 
affecting their membrane composition. Subsequent stabilization of the 
30 immobilized n^branes will then provide a more stable and contiguous 

surface for viral binding. 

In use, the immobilized and stabilized adsorbent is 
contacted with whole blood or any other solution to be processed for a 
sufficient tiire to permit the adsorbent to bind the target viral 
35 contaminant and re^ve substantially all contaminants from solution. 
By substantially all is meant the reduction of virus or viral 
.nntaminant to a level belcw detection by conventional methods such as 
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hemagglutxnation and plaque assays. Optionally, after processing of 
the Solution has been coveted and the solution collected, the 
cellular receptor adsorbent xs disposed of to eliminate any rxsk of 
release of undesired materials or contandnants into a second solution 

5 during re-use of the adsorbent. 

It will be appreciated that, although cellular receptor 
adsorbents of the present invention will ren^e target viral 
contandnants fran a contaminated solution, the adsorbents or the 
mention can also be used to routinely treat blood or other solutions 

10 not specifically known to be contacted. Such routine processang 
vvJZ highly durable for whole Mood and blood products ^ to 
intravenous administration to reduce the risk of xnfectxon of the 

recipient.^ ^ diflCU5ae a in detail below, virus removal by a 

^lar receptor adsorbent prepared in accordance with the rrethod of 
" the present invention is exenplified by the adsorption of xnfluenza * 
by denized chicken erythrocyte membranes. Chicken 
erythrocytes with cellular receptors for influenza A virus were f xrst 
3u^T on polycationic beads in a column. Ghosts of the 
20 in^ilized erythrocytes were then prepare by sub: ecUng the. ^ 
hypotonic conditions and the Cranes were then resealed. Ite 
^iUzed erythrocyte n^ra^s were stabilized by treaty wxth 
loW concentrations of glutaraldchyde - Influenza A vxrus xn buf ered 
solution was twice passed through the colunn of »^ 
25 erythrocyte Cranes to effect raroval of substantially all of the 
influenza A viral population from solution. 

in Example 2, a cellular receptor adsorbent for 
cyt^egalovirus rental was prepared by cultivating 
Independent human foreskxn fibroblasts on nucrocarrxers and 
30 then stabilize the cell n^ranes with low concentratxons o 
' glu taraldehyde. In Exa^le 3, a cellular receptor adsorbent for 
removal of herpes simplex vxrus was identxcally prepared by 
cultivating anchorage-dependent BSC-1 cells on microcarrxers and 
.tabixxzing them with low concentrations of glutaraldehyde. Sxmxlar 
35 cellular receptor adsorbents can be prepared for re^val of hepatxtxs 
viruses using anchorage-dependent hepatocytes. 
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a Example 4, cellular receptor adsorbent for removal or 
^ T ^ U lynphotropic viruses (HTLV) was prepared by ax^ty 
biKU ^ T-oeUs to carbcxylate ^fird 1— microspheres bearrnga 
specific for b_ T cells. ^ Cranes were then 

stabilized by low concentrations of glutaraldehyde. 

It will be appreciated that the netted of the present 
mention is versatile arf subject to variation and that the speciftc 
ceuular receptor adsorbent at* its preparation will be depenoent upon 
^ ^ o£ reUs , tauobiliration supports and target contacts 
ZJZ m percenter given herein ^ bv volu» uole^s otherwrse 

indicated. 



EXaMPLE 1 



15 



20 



25 



30 



35 



Chicken erythrocytes were washed twice with phosphate buffer 

. ^ o^r^llular proteins and resuspended m 

s.^-acetate buffer H . The PBS contained 150 m M and HI 
sucrose, pfl 5.2. Polyacrylsaude beads coated with polyethyleneranue 
^d as a tolycationic solid su*»rt *£f«el 731,. O. beads 
_ hydrated aM tl^ washM three tia*s with 0 2 M «L eoluta^ 
«i=e witt distilled water and twice with SUB. 0.5 ml ot 50% bead 
mmfKmlBD was added dropwise of 50. erythrocyte 

n^La. with occasional gentle shaXir*. Ml percentage, gaven 
toi^M. Examples 2-4 are by volume unless otherwise mdrcated 
Mter the erythrocytes were bound to the surface, dextran sulfate (1 
M.W. 5.000) in SAB was added to neutralise the surface sr^s 
Zt covered by the cells. B« in-Mlized erythrocyte beads were then 
three tta. with *B. gently enough to avoid cell disrupts 

and detachment. 

Hypotonic treats to obtain ghost cells was performed in 

he^lysxs medrum (4 nM »&> 4 . 3.8 m CH3COOH, pH 3.8) for 5 mmutes 
10 ml of PBS was added to resume the tonicity. The supernatant 
containing rntxacellular debris and vesicles was aspirated after the 
.eads settled down. To reseal the erythrocyte ghosts, 10 ml or PBS 
was added and followed oy incubation of the suspension at 37 C for 15 
^utes. The beads were then washed three times with PBS. The 
^ilized cranes were then stabxlized by mcubatang the beaas 
n i. alntaraldehvde at roan temperature for one hour with gentle 
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. v Finally, the iarobitoed and stabilized Cranes were 

^■JTZ with PBS to r^ve ^ — - 

— tSmiTi- titer reductaon — * 

, with Earle's salts 

in minimal essential medium (MEM) «itn 
virus m minimal passed 
. . , ina fptAl bovine serum (FBS) axtej- a * 

■^—t? 1, l^TwiS h - a - D * 

through the column packed wim 0 because viral 

neurarnlnidase, whach could destroy the ^ active ^ 

facilitate the elutioa o £ ™J™ ^ h^gglutanation 

* 1- t^a^re range. ,3 ^ ^ levels 

after the second pass. The Ha tests leased froa 

a^ indicated that the viruses -ere not bemg rel 
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25 



THE AFFINITY OF INETUENZA A VIRUSES BY 
SDRFACE-IMM)BILIZED ERYTHROCYTE GHOSTS 



HA unit 



1 2 3 



4 8 16 



32 64 128 



control 




+ 


+ 


+ 


+ 


+ + 


4- 


1st pass 


+ 














2nd pass 
















3rd pass 
















4th pass 
















5th pass 

















dilution. The posxtLve sign means the v 
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preventing the settlement of erythrocytes, while the negative sign 
ideates the virus titer is below the detectable limit of the HA 



test. 
EXAMPLE 2 



20 



25 



on 



Anchorage-dependent human foreskin fibroblasts were grown 
nd^ocarriers (Superbead, Flo. laboratories) in minimal essential 
n^um (MEM) with Earle's salts supplemented with 10% feta^bovme 
serum (FBS) and 1.1 g/1 sodium bicarbonate and incubated at 37 C in a 
Wdified 4% CO, - 96% air atmosphere. After cell growth reached 
10 confluency, the microcarriers were washed twice using HEPES-buffered 
saii^e (BBS), then incubated with 0.05% glutaraldehyde at roan 
temperature for one hour with occasional shaking. The residual 
glutaraldehyde was removed by washing the microcarrier four rimes 
using BBS. The final preparation which can be used to adsorb 
15 cytaiegalovirus was ^suspended in HBS and stored at 4 u. 

EXflMPUE 3 

Anchorage-Dependent BSC-1 cells were grown on microcarriers 
(Superbead, Flow laboratories) in minimal essential nedxum (MEM) with 
Earle's salts supplemented with 10% fetal bovine serum (FBS) and 1.1 
a/1 sodium bicarbonate and incubated at 37°C in a humidified 4% CO, - 
%% aix atmosphere. After cell growth reached confluency, the 
ndcrocarriers were washed twice using HEPES-buffered saline (HBS, , 
then incubated with 0.05% glutaraldehyde at roan temperature for one 
hour with occasional shaking. The residual glutaraldehyde was removed 
by washing the microcarrier four times using HBS. The final 
preparation which can be used to^ adsorb herpes simplex viruses was 
resuspended in HBS and stored at 4 C. 

EXAMPIZ 4 

A layer of buffy coat was separated from human venous blood 
b" equilibrium centrifugation using a Ficoll-Paque medium. Buffy coat 
cells, namely B cells, T cells and monocytes, were ix^cubated wirh 
carboxylate modified latex microspheres with average diameter of 2u at 
roan temperature for one hour. The microspheres bear the lectin helix 
pecnatia which specifically binds human T cells. A final 



30 
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^i^tion concentrated ^ separate out a fa^y p» 
rJ^^Tcll,. Bie clusters of T cells and microspheres 
iLateo with 0.05, glutara^ soiution at rc™ te^erature£« 
^tur witn sentie string. T»- rinal ^taon whrc* « b. used 
5 to adsorb HH.V viruses was resustended in UBS and stored at C. 
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What is Claimed is ; 

1 Method of preparing a cellular receptor adsorbent for 
a target viral contandnant from a solution comprising the 

steps of: 

5 ' (A) selecting a cell bearing a cellular receptor tox 

said target viral contaminant; 

(B) innDbilizing at least a portion of said cell, said 
portion bearing said cellular receptor thereon, onto a biologically- 

compatible support surface; and 
10 (C) ncdifying said cell portion to stabilize said 

portion. 

2. -fee method of Claim 1. wberein step (C) is carried out 
by treating said cell portion with a cross-linking agent. 

3 The method of Claim 1, wherein step (B) is carried out 
15 by covalently binding said portion of said cell onto sard 

biolcgirany-caipatible support surface. 

4 The method of Claim 1, wherein step (B) is carried out 
by ionic binding of said portion of said cell onto said biologically- 
canpatible support surface. 

5. The method of Claim 1, wherein step (B) is carried out 
by affinity binding of said portion of said cell onto said 
biolcgically-canpatible support surface. 

6. The method of Claim 1, wherein said cells are 
anchorage-dependent cells. 

, , u^rn^r, said rrnss-LLnkinq aqent 

7 . The metnoa or olaim , w n en ... 

conprises glutaraldehyde . 

B. The method of Claim 2, wherein said cell portion is a 
of „ nenibran e of sard cell and said ma^rane is prepared by 
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9. The method of Claim 1, wherein said cellular receptor 
is overexpressed. 

10 Be K W of Cl» 2. Wherein said target viral 
Mntani nant 'is selected fro. a m of viruses ° " 

5 otitis viruses, herpes viruses, retroviruses and 
lyn^^otropic viruses. 

H. The adsorbent prepared by the rrethod of Claim 2. 

12 a method of rowing substantially all of a target 
virus population from a solution comprising the steps of: 
iQ ^ (A) selecting a cell bearing a cellular receptor ror 

said target virus population; 

(B) immobilizing at least a portron or saxd cell, sard 
potion bearing said celluiar receptor thereon, onto a bioiogicaliy- 

ccxnpaldble support surface; ^ ^ 

(C) modifying said cell portion w 

EOrtl ° n: „ contacts said solute vith said i^iUzad 

s^ilired cell portion for a tta. efficient to peo.rt binding of 
said viruses of said population to said cellular receptors. 

13. the n«hod of Clair. 12. "herein step (C) is carried cut 
by treating said cell pcrticn with a cross-lirtong agent. 

t _ , - rl ■ 19 wherein said solution comprises 

14. The method of Claim U, wnerem 

a protein solution. 

^ 3 ^ m*-.™ i? wherein said solution comprises 

15. The method or Claim lz, wneiexn 

25 whole blood. 

3 n«m is> wherein said ture sufficient to 
16 The aethod or Claim 12, wnereiii ^ 

^ bmdrng rs further sufficient to reduce the trter of sard 
target virus to a level below detection. 
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n Tne method of Claim 13, wherein said cells are 
erythrocytes and said target virus population cerises influenza 
viruses. 

18 The method of Claim 13, wherein said cells are BSC-1 
5 and said target virus relation comprises herpes simplex viruses. 

19 Ite method of Claim 13, wherein said cells are human 
fibroblasts and said target virus population composes 
cytomegalovirus . 

20 The method of Claim 13, wherein said cells are 
10 T-lymphocytes and said target virus population causes T^ell 

lynpho tropic viruses. 

21 The method of Claim 13, wherein said cells are 
hepatocytes and said target virus population canprises heparitis 
viruses. 

15 22. A method for sterilizing a blood-based protein solution 

cxniprising the steps of: 

(A) selecting a cell having a membrane bearing cellular 

receptors for a target viral contaminant; 

(B) immobilizing at least a portion of said membrane on 

20 a biologicaUy-conpatible support surface; 

(C) stabilizing said portion of said membrane by 
treating said portion with a cross-linking agent; 

(D) contacting said stabilized immobilized portion of 
said membrane with said bicod-based protein solution for a time 

25 sufficient u> permit binding of said viral contaminant to said 

cellular receptors; and 

(E) collecting said blood-based solution alter said 

binding of said viral contaminant. 
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23. A netted for treating a protein solution comprising the 

steps of: 

(A) selecting a cell having a membrane bearing a 
cellular receptor for a target viral contaminant; 
5 (B) immobilizing said portion of said membrane on a 

biologically-compatible support surface; 

, ■ • ■ ^ „„-t^ of said membrane to 

(C) modifying saia poxnuw Ui ~— 

stabilize said portion; 

(D) contacting said immobilized stabilized portion of 

10 said maifcrane with said solution; and 

(E) collecting said solution after said contact. 

24. The method of Claim 23, wherein said protein solurion 
comprises blood. 
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